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Project Goal 

• Using the full capabilities of the GOES-R system (and 
other relevant data), develop a unique (and globally 
applicable) automated alert system that can detect 
nearly all types of volcanic clouds 

 

• Expected Operational Impacts: 
– Increase the timeliness and quality of volcanic ash advisories 

issued by VAAC’s and SIGMET’s issued by MWO’s 

– Improve dispersion model forecasts by providing fully 
automated and high quality satellite products to initialize, 
constrain, and validate models (model output, however, is not 
very useful unless you first know an eruption is happening!) 
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We are NOT developing a GOES-R only system.  The algorithm 
science and software can be applied to a large variety of LEO and 
GEO instruments (and even ground instruments when relevant) 
laying the ground work for a fully integrated global volcanic 
cloud alerting and monitoring system that can be used to 
automatically kick off model simulations. 
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1). Ash dominated volcanic plumes – Semi-transparent 
clouds dominated by volcanic ash. Lightning is usually not 
present in these clouds.  

2). Ice topped umbrella clouds – These cloud are mostly 
observed during a major eruption.  A spectral based 
volcanic ash signal is usually initially absent because the 
ash is encased in ice and/or the cloud is opaque. 
Lightning is often present in these clouds. 

3). SO2 clouds – Sulfur dioxide clouds (SO2 gas is invisible 
to the eye) that may or may not contain volcanic ash.  
Some eruptions produce large amounts of SO2 and very 
little ash and vice-versa. 
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Redoubt ash cloud 

Traditional 
BTD approach 
fails to detect 
a significant 
portion of 
cloud visible in 
imagery 

Probabilistic 
approach 
detects most 
of the ash 
cloud visible in 
false color 
image 





Mexico 



Popocatpetl 
ash cloud 

Mexico 





Important information from 
GOES-R volcanic ash 
retrieval 

Alerts are fully user 
configurable based on 
volcano and probability 
information 



Automated Alert Generated for Eruption of Cleveland on December 28, 2011 

Text Alert 

Ash Probability Images 

These alerts are currently being distributed to the USGS in Alaska and will soon be distributed to the 
Anchorage VAAC, Washington VAAC, and Air Force Weather Agency 



Cleveland Volcano 

Auto-
generated 
text alert 

Cleveland Ash Cloud 

Alert was available 
at 14:34 UTC; ash 
advisory was not 
issued until 16:00 
UTC 
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3). SO2 clouds – Sulfur dioxide clouds (SO2 gas is invisible 
to the eye) that may or may not contain volcanic ash.  
Some eruptions produce large amounts of SO2 and very 
little ash and vice-versa. 



•A fully automated cloud object identification 
and tracking procedure was developed to 
calculate cloud vertical growth metrics as a 
function of background conditions and the time 
between images. 
 
•Alerts can then be issued if a highly anomalous 
growth rate is found near a volcano. 
 

Volcanic 
eruptions 
have highly 
anomalous 
growth rates 
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June 12, 2011 (20:30 UTC) 



Nabro 

June 12, 2011 (20:45 UTC) 

•The 15 minute decrease in the minimum cloud object 11 μm BT was 45 K, which is ~10 
standard deviations above the mean for the background conditions present! 
 
•Our algorithm automatically determines the deviation from the mean for all tracked 
cloud objects 



Automated alert would have been issued after 20:45 UTC image 



First volcanic ash 

advisory was issued at 

0400 UTC (7.5 hours 

after start of eruption) 

This happened in a region covered by a GOES-R like instrument! 
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As the WWLLN science team has shown, lightning can be useful for detecting 

vigorous volcanic eruptions (VEI 3 or above), especially in regions that 

experience little lightning (many false alarms in convectively active regions).  We 

are using ground-based lightning data from New Mexico Tech to incorporate GLM 

like lightning flash information into the alert system. 



Expected Year 2 Accomplishments 

• 1). Refine volcanic convection methodology and make 
it real-time capable; generate conditional ash 
probability tables for more sensors 

• 2). Continue to modify AWG developed SO2 detection 
to produce probabilistic output 

• 3). Using ground-based lightning as a proxy for GLM, 
incorporate lightning flash information into alert 
system 

• 4). Provide false alarm cleared GOES-R volcanic ash 
height, mass loading, and effective radius data to U. 
Alaska Fairbanks to help validate WRF model 
simulations 
 
 
 



Expected Year 3 Accomplishments 

• Main demonstration of alert system at 
Anchorage and Washington VAAC’s, collect 
feedback, and make improvements as 
needed 

• Integration of JPSS (VIIRS) volcanic cloud 
alerting capabilities (in addition to MODIS, 
GOES, and SEVIRI) into system 

• Support model assimilation and validation 
studies by providing refined ash cloud 
products 

 



Summary 

• The quantitative nature of the alerts and the relatively 
straightforward nature of the validation (did a volcanic 
eruption occur or not?) allow the impact on operations to 
be clearly determined (this is not the case for many 
products). 

 

• ***In the absence of an automated alert system, the 
capabilities of GOES-R (and satellites in general) will be 
greatly under-utilized for volcanic cloud monitoring.*** 



Surprise! 
Anatahan 
erupts for the 
first time in 
recorded 
history! 





Back-up Slides 



NOAA-18 AVHRR: June 8, 2011 

False Color Image 

Cordon Caulle ash 

Global assessment of 
probabilistic ash 
detection 



NOAA-18 AVHRR: June 8, 2011 

Split-window BTD 

The traditional 
11-12 μm BTD 
shows the 
Cordon Caulle 
ash cloud,  but 
on a global scale 
false alarms are 
unavoidable 



NOAA-18 AVHRR: June 8, 2011 

Ash Probably 

•The probabilistic 
method’s 
depiction of the 
Cordon Caulle 
ash cloud is 
consistent with 
multi-spectral 
imagery 
•Other than the 
Cordon Caulle 
ash cloud, only 
small areas of 
desert dust are 
depicted 



Automated Ash Detection and Alerting 
• A Naïve Bayes framework is used to determine the probability that an ash 

cloud is present. 

 

• Robust predictors are used (including a correction for surface emission and 

background absorbing atmospheric gases like water vapor) so the method is 

globally applicable (e.g. Pavolonis et al., 2006; Pavolonis 2010). 

 

• The end results are used to automatically issue ash cloud alerts to users (the 

alert criteria are highly configurable) and to construct a very accurate and 

objective depiction of ash cloud location that is critical for real-time model 

validation and data assimilation applications. 

 

• The algorithm can be applied to a large number of sensors while taking full 

advantage of each sensor’s capabilities.  We are working to transfer an AVHRR 

version of the system to OSPO operations and the same method is being used 

to develop the ash alert component of the GOES-R volcanic cloud alert system 

under GOES-R3. 



Benefits of Automated Probabilistic 
Ash Detection 

• Merge output from one sensor with another with less artifacts since 
sensor differences are explicatively accounted for in Naïve Bayes model 
and all pixels are scaled to the same range of values and have the same 
mathematical meaning – automatically generate global geostationary 
composites! 
 

• An objective measure of horizontal location of volcanic ash that is much 
better suited (higher POD and lower POF) to compare with models than 
traditional methods 
 

• Will allow for more objective estimation of total mass of fine ash as a 
function of time 
 

• Alert quality detection; No reliance on negative BTD 
 

• Fully automated so an archive of past cases can be constructed 
 

• More readily relate ash cloud properties to meteorology 
 


